Abstract Intraperitoneal (i.p.) injection of C-terminal octapeptide of cholecystokinin (CCK-8) produced a dose-related increase in plasma corticosterone levels in intact rats, but not in vagotomized ones. Intracerebroventricular (i.c.v.) injection of CCK-8 was ineffective in stimulating the secretion of corticosterone, and in vitro experiment on ACTH release indicated that CCK-8 could not affect pituitary tissue directly. Since i.p. injection of non-sulfated CCK-8 failed to elevate plasma corticosterone levels, sulfated tyrosine residue in the CCK molecule is assumed to be indispensable for the stimulation of visceral organs. On the other hand, vasoactive intestinal polypeptide (VIP) was found to cause a dosedependent increase in plasma corticosterone levels when administered centrally, but not after i.p. injection. However, VIP could not stimulate the release of ACTH from the pituitary tissue directly. The results suggest that VIP, but not CCK, stimulates the hypothalamic CRF neurons either directly or indirectly.
One of our previous experiments demonstrated that a commercial cholecystokinin preparation (Boots Co.) produced a pronounced elevation of plasma corticosterone levels after i.p. and i.c.v. administrations in rats (ITOH et al., 1979) . In the next study, caerulein which mimics many actions of CCK was found to cause a marked dose-dependent increase in plasma corticosterone levels when the peptide was injected i.p., while i.c.v. injection was completely ineffective. Since the effect of i.p. injection of this decapeptide disappeared after subdiaphragmatic vagotomy, the site of action was assumed to be at a peripheral level and not in the central nervous system (ITOH et al., 1980) . The CCK preparation used in our previous study was impure, being contaminated with some other intestinal peptides. Consequently it seems necessary to reexamine the effect of CCK on pituitary-adrenal axis, employing the synthetic octapeptide of CCK (CCK-8).
Among peptides contaminating the crude CCK preparation, motilin was shown not to affect the pituitary-adrenocortical function (ITOH et al., 1979) . The present study was, therefore, intended for elucidating the action of vasoactive intestinal polypeptide (VIP) which was originally discovered in the gastrointestinal tract and which has been shown to be present in the brain (EMSON et al., 1979 BESSON et al., 1979 SAMSON et al., 1979 1/2 M.E. =1/2 equivalent amount of crude median eminence extract obtained from one normal rat. Bioassay was used for the measurement of ACTH, indicating plasma corticosterone levels 15 min after i.v. injection of test samples into hypophysectomized rats. In each experiment 4 rats were used. Table 3 . Effect of intraperitoneal injection of CCK-8 and CCK-8-NS on plasma corticosterone levels in rats.
Rats were injected with test samples in a volume of 0.1 ml per 100 g body weight at 10: 00 hr and sacrificed at 10: 30 hr. N.S.: not significant.
concentration. Moreover, in the in vitro study, the addition of CCK-8 in amounts of 200 and 500 ng to 2 ml incubation medium did not release ACTH from the rat pituitary tissue (Table 2 ).
Effect of CCK-8-NS
The effect of i.p. injection of CCK-8-NS was compared with that of CCK-8 and the non-sulfated peptide was found to be completely ineffective for increasing the plasma corticosterone concentration, as seen in Table 3 
DISCUSSION
The results obtained in the present study on the effect of CCK-8 are in accord with our previous finding on caerulein (ITOH et al., 1980) . Although crude CCK preparation (Boots Co.) produced an increase in the plasma corticosterone levels following i.c.v. administration (ITOH et al., 1979) , synthetic CCK-8 was ineffective by this route of injection. Consequently, the corticosterone-elevating effect of the crude CCK preparation is assumed to be not due to CCK itself, but to other contaminating peptides in the gut extract. Since motilin was not involved in this action (ITOH et al., 1979) , the effect of VIP was examined in the present study.
Immunoreactive VIP was detected in nerve endings in the hypothalamus (GIACHETTI et al., 1977 ; BESSON et al., 1979) and in the hypothalamo-hypophyseal portal blood (SAID and PORTER, 1979) . These reports suggest that VIP may have a physiological role in the control of pituitary secretion. However, both CCK-8 and VIP did not stimulate the release of ACTH from the pituitary tissue in vitro. In accord with our observation, KANEKO et al. (1980) reported that although VIP stimulates cyclic AMP formation in the pituitary tissue and brain of rat in vitro, the release of pituitary hormones, including ACTH, from the pituitary tissue into the incubation medium was not enhanced by VIP.
It was of interest that VIP stimulated ACTH release when administered i.c.v., but not i.p. The fact suggests that VIP affects CRF neurons either directly or indirectly to cause the secretion of ACTH. On the other hand, the i.p. injection of CCK-8 produced a marked elevation of the plasma corticosterone levels in intact rats, this effect disappearing after subdiaphragmatic vagotomy. The latter finding suggests that the well-known stimulatory action of CCK on the contraction of gall bladder and secretion of pancreatic enzymes is, at least in part, mediated via the afferent pathway of the vagal nerves to the hypothalamo-hypophyseal axis. This assumption is the same as in the case of caerulein (ITOH et al., 1980) . It should be noted here that the plasma corticosterone level under the resting condition was higher in the vagotomized rats than in intact and sham-operated ones. This high value was proved to be due to a low amplitude of the circadian rhythm after subdiaphragmatic vagotomy (ITOH et al., 1981b) . Diminished circadian rhythm of locomotor activity was also demonstrated in vagotomized rats (ITOH et al., 1981a) .
The finding that the i.p. injection of CCK-8-NS did not cause any change in adrenocortical secretion indicates that the sulfated tyrosine residue in the CCK molecule is indispensable for the stimulation of visceral organs. In this regard, YAJIMA et al. (1976) reported that the omission of the sulfate ester group on tyrosine resulted in an almost 250-fold reduction of the stimulatory action on gut function. The important role of the sulfate group in biological activities has also been shown by BODANSZKY et al. (1978) .
The present findings that CCK-8 produced a marked elevation of the plasma corticosterone levels following i.p. injection, but not after i.c.v. injection, while VIP failed to produce corticosterone secretion after i.p. administration, but caused Vol.32, No.4, 1982 
